Cytochemical detection of a senescence-associated beta-galactosidase in endothelial and smooth muscle cells from human and rabbit blood vessels.
A beta-galactosidase activity has recently been used as a histochemical marker of replicative senescence in human fibroblasts and keratinocytes. To establish whether this marker could be used to detect senescence of vascular cells, we have investigated its presence in cultures of serially passaged human umbilical vein endothelial cells and rabbit aortic smooth muscle cells. beta-Galactosidase activity was detected by light microscopy using the chromogenic substrate 5-bromo-4-chloro-3-indolyl beta-d-galactopyranoside. In endothelial cell cultures, lysosomal beta-galactosidase activity, which is detected at pH 4.0, was present in all cells regardless of their replicative age. In contrast, senescence-associated beta-galactosidase activity, which is detected at pH 6.0, was absent in the majority of cells in early passage cultures (<15 cumulative population doublings), but was present in a large proportion of cells (up to 62%) in late passage cultures (>30 cumulative population doublings); in intermediate passage cultures (15-30 cumulative population doublings) it was found in fewer than 15% of the cells. The increase in the percentage of senescence-associated beta-galactosidase-positive cells correlated with a decrease in the cell density at confluence and with a marked increase in cell size. Counterstaining with an antibody directed against the endothelial cell marker CD31 showed that senescent cells retained the expression of this antigen. Senescence-associated beta-galactosidase was also detected in serially passaged, but not in primary explant cultures of rabbit aortic vascular smooth muscle cells. The presence of senescence-associated beta-galactosidase in cultured vascular smooth muscle cells and endothelial cells suggests that this marker could be used to study the role of cellular senescence in vascular disease.